ABSTRACT Two hundred seventy-seven position angle and separation measures of 154 double stars are presented. Three of the systems were previously unknown to be double, and 16 other systems were discovered earlier this decade by the Hipparcos satellite. Measures are derived from speckle observations taken with the Wisconsin-Indiana-Yale-NOAO (WIYN) 3.5 m telescope located at Kitt Peak, Arizona. Speckle images were obtained using two di †erent imaging detectors, namely, a multianode microchannel array (MAMA) detector and a fast-readout CCD. A measurement precision study was performed on a sample of binaries with extremely well known orbits by comparing the measures obtained here to the ephemeris predictions. For the CCD, the root mean square (rms) deviation of residuals was found to be 3.5 milliarcseconds (mas) in separation and in position angle, while the residuals of the MAMA data varied 1¡ .2 depending on the magniÐcation used and seeing conditions but can be comparable or superior to the CCD values. In addition, the two cameras were compared in terms of the detection limit in total magnitude and magnitude di †erence of the systems under study. The MAMA system has the ability to detect some systems with magnitude di †erences larger than 3.5, although reliable astrometry could not be obtained on these objects. Reliable astrometry was obtained on a system of magnitude di †erence of 5.3 with the CCD system.
INTRODUCTION
have discussed that, in addition to measuring the trigonometric parallaxes of approximately 118,000 stars, the Hipparcos satellite has discovered some 6000 new or newly suspected double star systems. A fraction of these systems are no doubt true (i.e., gravitationally bound) binaries that could provide valuable information concerning stellar masses and the main-sequence massluminosity relation, if their orbits were known in sufficient detail. A distinct advantage of this set of stars in determining masses and luminosities is that their parallaxes and, in many cases, the magnitude di †erences have already been measured by the Hipparcos satellite. However, with the exception of the relative astrometry appearing in the Hipparcos Catalogue (ESA 1997) , no substantial orbital data exist for any of these objects at present.
Many of these newly discovered systems have separations and magnitude di †erences that are easily observable by way of speckle interferometry. We have therefore initiated a new program of speckle observations of this set of stars at the WIYN Observatory, Ðrst to identify which systems exhibit orbital motion and second to determine the orbits of the true binaries en route to deriving their masses. The com-
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1 The WIYN Observatory is a joint facility of the University of Wisconsin, Indiana University, Yale University, and the National Optical Astronomy Observatories (NOAO).
2 Visiting Astronomer, Kitt Peak National Observatory.
bination of relative astrometry derived from speckle observations and parallax can only provide total masses of the systems under study, but concurrent spectroscopic observations can be started in cases where orbital motion is detected. In this way, individual masses can eventually be obtained. In this paper, we focus on initial speckle observations, calibration issues, and measurement precision, and therefore many of the objects for which relative astrometry is presented are not Hipparcos discoveries but rather wellknown binaries. However, as the observational program continues and the astrometric calibrations become routine, we plan to shift the emphasis to the Hipparcos discovery objects.
OBSERVATIONS
We have the use of two imaging detectors for speckle work at WIYN. The Ðrst is a multianode microchannel array (MAMA) detector. The MAMA system used here (based on the original design of Morgan 1989 and including some of the original components) was most recently used at El Leoncito, Argentina (Horch et al. 1996) . As described in that work, a typical data Ðle with the MAMA system consists of between 1 and 2 million photon events, depending on the brightness of the source. For all observations described here, the so-called "" high-resolution ÏÏ mode (Kasle & Morgan 1991) of decoding MAMA photon event positions was used. In this mode, the camera has 7 micron square pixels, although the spatial resolution is limited by the microchannel plate pore spacing of 10 microns. Since the MAMA is a photon-counting camera, the arrival time of each photon event is recorded, and therefore the data are divided into frames in the analysis phase. Typical frame exposure times for the data reduced here ranged from 5 to 15 ms.
The second detector is a fast readout CCD. The CCD used here is a 2033 ] 2048 pixel KAF 4200 chip with 9 micron square pixels. This is a front-illuminated device with a quantum efficiency of 40% at 7000 and it has camera A , electronics capable of reading out pixels at a rate of 500 kHz. Speckle data are obtained with the chip using the shutterless charge transfer method described in Horch, Ninkov, & Slawson (1997) . However, in that paper, the authors used a 60 cm telescope and read out strips of dimensions 64 ] 1024 pixels, with each strip containing 32 individual speckle frames. At the WIYN Observatory, because the telescope is much larger and consequently the di †raction limit is much smaller, a larger subframe format is required to simultaneously contain the seeing disk and oversample the di †raction limit of the telescope. For WIYN observing, strip formats of 128 ] 1024 pixels (with 8 speckle frames per strip) and 128 ] 1120 pixels (with 10 speckle frames per strip) have been used. With the current readout electronics, an e †ective frame readout rate of approximately 4.5 Hz has been obtained, meaning that a typical observation with the CCD (which is 960 frames) requires 3.5 minutes of observing time. For all of the data presented here, a frame integration time of 50 ms was used.
Both systems were mounted at the Nasmyth focus known as the WIYN port. This focus delivers an f/6.3 beam, which is then increased to f/16 (referred to as low magniÐcation) or f/44 (referred to as 2.5] magniÐcation) by the speckle optics, depending on the amount of magniÐcation desired. A focal ratio of f/44 is preferred for MAMA observations, but poor seeing sometimes required a reduction in the magniÐcation to f/16 in order to comfortably contain the entire seeing disk on the Ðeld of view. Low magniÐcation is always used with the CCD. The WIYN port is equipped with an image rotator that operates during observations, so that the orientation of the camera relative to the celestial coordinate system is kept constant in all frames of a given observation. The rotator angle accuracy has been found by Kitt Peak personnel to be dependent on the telescope pointing direction, but in general is no worse than for short obser-0¡ .04 vations such as those discussed here (D. Sawyer 1998, private communication) .
The standard mode of observing with both systems is to acquire a data Ðle of a binary and then to follow immediately with a Ðle of an unresolved (e †ectively single) star in the same region of the sky, in order to provide an estimate of the speckle transfer function for the binary observation. Single star objects are chosen from T he Bright Star Catalog (Hoffleit & Jaschek 1982) . This technique is not followed by other established speckle groups such as the Center for High Angular Resolution Astronomy (CHARA) group at Georgia State University and the United States Naval Observatory (USNO) speckle group ; however, we have found this approach useful in maintaining high astrometric precision for our measures. Taking single star observations decreases the number of binary observations that can be made per night, and as we develop a more complete picture of the detailed nature of the speckle transfer function under a variety of observing conditions at WIYN, it is likely that we will not Ðnd it necessary to continue with observing point sources with every binary.
3. DATA REDUCTION 3.1. Measurement of the Pixel Scale For the three modes of observing discussed here (MAMA low magniÐcation, MAMA 2.5], and CCD low magniÐcation), the fundamental scale calibration was obtained by attaching a slit mask to the tertiary mirror baffle support structure, which is located approximately 84 cm above the tertiary mirror of the telescope. The mask is therefore placed in the converging beam between the secondary mirror and the image plane at the Nasmyth focus. When the telescope is pointed at a single star, a di †raction pattern is produced on the detector such that the spacing of fringes uniquely determines the scale in arcseconds per pixel, once the slit spacing, the distance from the Nasmyth focus to the mask and the f/number of the converging beam are known. While at the telescope, the distance along the optical axis from the mask to the center of the tertiary mirror was measured to be 840.2^3.2 mm. The slit baselines were also measured, ranging from the shortest of 54.9^0.2 mm to the longest of 439.9^0.2 mm. The distance from the center of the tertiary to the Nasmyth focus and the f/number had already been precisely measured by Kitt Peak personnel for other reasons (with results of 3177.3^2.2 mm and 6.28^0.01, respectively), and these values were adopted for our scale calculations.
In the case of MAMA data, the position angle o †set, i.e., the orientation of the detector pixels relative to true north, was measured by trailing stars across the detector. The path of the star, as judged by binning the photon events into 10 ms frames and computing the path of frame centroids, then gives the east-west vector relative to detector coordinates. The pixel scale can also be derived from star trails by comparing the starÏs diurnal rate with the velocity across the detector in pixels per second, but this method is of lower precision than the slit mask method and can contain systematic errors (Horch et al. 1996) .
For CCD observations, the position angle o †set was determined by taking a series of short exposure (1 s) images of stars, where the telescope was o †set in right ascension and declination by a known amount (10A, 15A, or 20A) between exposures. Computing the centroid position of each image and comparing these coordinates can then yield the detector orientation. This method was found to be faster and more practical than the star trail method when using the integrating detector.
The methods just described are fairly standard and straightforward in speckle interferometry (e.g., Hartkopf, McAlister, & Franz 1992 ; Douglass, Hindsley, & Worley 1997) . However, there is a complication in applying them to our scale calibration data due to the fact that both the low-magniÐcation and 2.5] lenses exhibit optical Ðeld angle distortion. This means that the e †ective magniÐcation is a function of position on the image plane. If the Ðeld of view is small enough, this may be ignored. However, with the low-magniÐcation MAMA and CCD data presented here, the detector Ðeld of view is large enough that distortion is clearly seen and can be easily measured. Furthermore, it is difficult to place the star in the same location on the detector for every observation in these observing conÐgurations. It is therefore necessary to apply a correction to the relative astrometry obtained based on some measure of the distortion and the exact location of the star on the detector. (1). The low magniÐcation lens exhibits substantial barrel distortion (i.e., the magniÐcation decreases with distance from the optical axis), while the 2.5] lens shows mild pincushion distortion (the magniÐcation increases with distance from the optical axis).
For both the low-magniÐcation and 2.5] lenses, the distortion was measured by placing a glass plate containing a Ðne grid of lines (a reticle) at an intermediate focus position in the speckle optics box (in front of the magnifying optics) and then taking a dome Ñat. The image obtained then displays the (distorted) image of the grid as recorded by the detector through the magniÐer. The distance between lines was then measured as a function of position, giving the relative scale (or equivalently, the relative magniÐcation). Figure 1 shows the results of this procedure. Although the distortion in the low-magniÐcation lens is much more severe, both lenses were found to be well-approximated by a function of the form
where S(r) is the relative scale, r is the distance from the optical axis in the detector plane, C is a constant, and the relative scale is assumed to be normalized to 1 at the optical axis. (Least squares Ðts to the data are also shown in Fig. 1 .) The standard (cubic) correction to the position of an object at detector position (x, y) is then given by integrating the above expression to obtain
and
where (X, Y ) is the corrected position and is the (x 0 , y 0 ) position of the optical axis on the detector. (See, e.g., Eichhorn 1974, p. 75, and Klein & Furtak 1986, p. 241 , for a more complete discussion of the cubic correction and distortion.) Corrections of this form were used to (a) obtain the scale at the optical axis for the slit mask data, (b) rectify the paths of star trails and determine the true position angle o †sets from star trail and telescope o †set data, and (c) correct positions of both the primary and secondary of all binary systems for which we present relative astrometry. Table 1 shows the scale and position angle o †sets obtained after correction by equations (1)È(3) as appropriate.
Derivation of Relative Astrometry from the Raw Data
The algorithms used for derivation of position angles and separations from the raw speckle data have been previously described (Horch et al. 1996 for MAMA data and Horch et al. 1997 for CCD data). In both cases, a weighted least squares Ðt is made to the spatial frequency power spectrum obtained by computing the average autocorrelation of speckle frames and Fourier transforming the result. The quadrant ambiguity inherent in this analysis is resolved differently for the data sets from the two detectors. In the case of MAMA data, the directed vector autocorrelation (Bagnuolo et al. 1990 (Bagnuolo et al. , 1992 ) is computed, while in the case of the CCD data, a rudimentary reconstructed image is formed from two low-order subplanes of the object bispectrum (Lohmann, Weigelt, & Wirnitzer 1983) .
After obtaining instrumental position angles and separations in this way, the positions of the primary and secondary are corrected as discussed above. The raw data give only the centroid position of the aggregate system in detector coordinates ; to obtain the coordinates for the primary and secondary prior to applying equations (2) and (3), a magnitude di †erence estimate that is also output by the (Table 4 ) This object has a grade 2 orbit in the catalog of Worley & Heintz 1983 but no previous speckle measures. 00277Ô1625 = BD Ô17 61 : (Table 4) The component listed is unlikely to be HJ 1968 AB and is probably new ; the Hipparcos Catalog lists this object as a suspected double. Noted as YR 1 Aa in this paper. 00284Ô2020 = B1909 : (Table 4) One of the measures listed in Table 4 (probably the Ðrst) has the quadrant incorrectly determined. 03484+ 5202 = Hu 546 : (Table 4 ) This object has a grade 2 orbit in the catalog of Worley & Heintz 1983 but no previous speckle measures. 05081+ 2416 = HDS 674 Aa : (Table 4) The only measure appearing in the CHARA Third Catalog is a failed detection. Nonetheless, the component listed here was detected by Hipparcos. Wider companions are also noted in the WDS. 06314+ 0749 = A 2817 : (Table 4) This object has a grade 2 orbit in the catalog of Worley & Heintz 1983 but no previous speckle measures. 18570+ 3254 = Bu 648 AB : ( Table 2, Table 3 ) The most recent published speckle observation of this system (McAlister et al. 1987b) failed to detect the companion. 19556+ 5226 = HR 7619 : (Table 3) Our observation shows a clear third component that has apparently never been detected before, even by the Hipparcos satellite. Noted as YR 2 Aa in this paper. 21314+ 4821 = Cou 2441 : (Table 4) A member of M39 (94% probability according to Platais 1994). IdentiÐed as star 3494 in that work. 21339+ 4833 = BD + 47 3472 : (Table 4) A member of M39 (89% probability according to Platais 1994) and not detected before as double. IdentiÐed as star 5698 in that work. Noted as YR 3 in this paper. 23019+ 4220 = BLA 12 Aa : (Table 2) The Aa component in this triple system has been intermittently detected. This is the Ðrst detection since 1984 (the measure of McAlister et al. 1987a ).
a Quadrant determined by the analysis was ambiguous but consistent with recent measures in the WDS, the CHARA Third Catalog of Interferometric Measures of Binary Stars (Hartkopf et al. 1997) , or the Hipparcos observation.
b Quadrant determined by the analysis was ambiguous and inconsistent with recent measures in the WDS, CHARA Third Catalog, or the Hipparcos observation. We have therefore adopted the quadrant consistent with previous measures.
c Quadrant determined by the analysis was inconsistent with previous measures in the WDS, CHARA Third Catalog, or the Hipparcos observation. We have therefore adopted the quadrant consistent with previous measures.
d Quadrant determined by the analysis was inconsistent with recent measures in the WDS or the CHARA Third Catalog, but the system has magnitude di †erence of 0.0 according to the WDS. We have therefore adopted the quadrant consistent with previous measures. power spectrum Ðtting routine is used to determine the fraction of light from each star. The individual (uncorrected) positions are then determined by way of a "" center of gravity ÏÏ calculation from the system centroid and the light fraction. These coordinates are then used as input for equations (2) and (3). The reduced data are then subjected to four tests to insure high-quality astrometry. Power spectrum Ðts with excessively large values of the reduced chi-squared are removed from consideration ; observations with seeing of larger than 2A are also removed. We require that at least three fringes be detected in the power spectrum of the binary. Finally, all Ðts and power spectrum residual maps are visually inspected to make sure that the Ðt fringe amplitude, separation and position angle are a good match to the data power spectrum. Tables 2, 3 , and 4 comprise the main body of measures presented here. The format for these three tables is the same. The columns give (1) the Aitken Double Star (ADS) Catalog number, or if none the Bright Star Catalog (HR) number, or if none the Bonner Durchmusterung (BD) number ; (2) the discoverer designation ; (3) the HD number ; (4) the Hipparcos Catalog number ; (5) the right ascension and declination in 2000 coordinates, which is the same as the identiÐcation number in the Washington Double Star (WDS) Catalog ) for all objects that have WDS entries ; (6) the observation date in fraction of the Besselian year ; (7) the observed position angle (h), in degrees, with north through east deÐning the positive sense of h ; (8) the observed separation (o) in arcseconds ; (9) the center wavelength of the Ðlter used to make the observation, in nanometers ; and (10) the full width at half-maximum of the Ðlter pass band, also in nanometers. Table 2 gives all results derived from CCD data, Table 3 gives the lowmagniÐcation MAMA measures, and Table 4 gives the 2.5] magniÐcation MAMA results. The position angles in Tables 2È4 have not been corrected for precession and are appropriate for the epoch of observation shown. It should also be noted that the low-magniÐcation MAMA results were generally taken under poorer seeing conditions, and therefore are of lower quality than the other two sets of results. This is discussed further in the next section. Position angles and separations are shown without uncertainty estimates, but it is possible to arrive at a reasonable uncertainty estimate for any measure shown by combining the measurement precision given in the next section with the uncertainty in the scale and detector orientation given in°3.1 using standard error formulas. Three components listed in the tables have not been previously detected and are denoted as YR 1È3 (i.e., YaleRochester Institute of Technology 1È3). A third component in the system StF 2605 AB (WDS 19556] 5226) was detected in a low-magniÐcation MAMA observation and given in Table 3 as YR 2Aa, and in (HJ 1968 AB \ WDS 00277[1625 , but the component here is extremely unlikely to be the same due to the large di †erence in separation. The Hipparcos Catalog lists this object as "" suspected double.ÏÏ BD ]47 3472 is thought to be a member of the open cluster M39 (with membership probability 89% according to Platais 1994) . Two other binaries in M39 were observed : (1) BD ]47 3446 (Cou 2441 \ WDS 21314]4821), which was discovered in 1986 and is also noted double in the Hipparcos Catalog, and (2) A771 \ WDS 21315]4817, where the astrometry was too poor to include in our body of results.
RESULTS
In addition to these results, we studied two systems in some detail, but found no evidence for duplicity. The Ðrst of these is HR 7061 (\110 Her). This star was studied because spectroscopic observations to determine lithium and beryllium abundances showed small irregularities that could be interpreted as evidence for binarity (Deliyannis & Pinsonneault 1997) . We Ðnd no evidence of binarity to the limit of our detection capabilities with both the CCD and MAMA systems. The second system is s1 Orionis. This spectroscopic binary has a published orbit (Irwin, Yang, & Walker 1992) that predicts a separation of approximately in 0A .5 1997, though the magnitude di †erence of the system is thought to be larger than 4.4. We were unable to detect the secondary with the MAMA detector, though we have not yet attempted such an observation with the CCD, where the wavelength of observation would be signiÐcantly redder and the magnitude di †erence would presumably be smaller. Table 5 shows a summary of our negative detections for 110 Her and s1 Orionis.
Although most of the objects presented in Tables 2È4 are well-known binaries, there are a total of 20 measures of 16 Hipparcos discoveries. Table 6 shows the di †erence in position angle and separation since the Hipparcos observation as given in the Hipparcos Catalog. Column headings in Table 6 are as follows : (1) the right ascension and declination in 2000 coordinates (i.e., the WDS number) ; (2) the discoverer designation (HDS numbers in all cases, since these are Hipparcos discovery objects) ; (3) the Hipparcos Catalog number ; (4) the total Johnson V magnitude of the system ; (5) the trigonometric parallax as determined by Hipparcos ; (6) position angle (h) in degrees (north through east deÐning the positive sense of h) and (7) separation (o) in arcseconds as they appear in the Hipparcos Catalog ; (8) the table number in which the speckle measure presented here appears ; and the (9) di †erence in position angle (*h) in degrees and (10) Tables 2È4 . Since all of the measures in this paper were obtained in 1997 and the Hipparcos mean observation epoch is approximately 1991.25, the changes noted are for a D6 year interval. In several cases, the change in position angle and/or separation from the discovery observation is substantial.
MEASUREMENT CAPABILITIES
From the measures presented in Tables 2È4, we have completed a measurement precision study for each of the three observing conÐgurations. High astrometric precision is extremely important for determining whether the Hipparcos discovery objects exhibit orbital motion. In order to determine our measurement precision, objects from the three tables that already have very high quality orbit determinations have been selected. By studying the observed minus ephemeris residuals in position angle and separation, a picture of how well we can measure these quantities can be determined.
The collection of orbits used for this study was drawn from Hartkopf, McAlister, & Franz (1989) , Hartkopf, Mason, & McAlister (1996) , and other papers from that same series (McAlister et al. 1988 ; Bagnuolo & Hartkopf 1989 ; Mason 1997) . Two up-to-date orbits used (for Bu 101 and Bu 151) were provided by W. I. Hartkopf (1997 Hartkopf ( , 1998 . These orbits have all been determined with the inclusion of highly weighted speckle data and are published with formal errors for each of the orbital parameters. Using these errors, it is possible to derive projected ephemeris uncertainties in position angle and separation for a given observation epoch. These quantities will be denoted by and respectively. do eph dh eph , Figures 2a, 2b , and 2c show the separation residuals for all objects from Tables 2, 3, ephemeris uncertainty in h from the orbit was calculated to be less than 2¡. Tabular results for average residual and rms deviation of the residuals are given in Table 7 . These results show that for the MAMA 2.5] data and the CCD data, the rms deviation in the position angle residuals is about 1¡ .2, while for the separation residuals, the rms deviation is between 2.3 and 3.5 mas. The low-magniÐcation MAMA data are of considerably poorer quality, showing rms deviation in separation of 8.5 mas and in position angle. 1¡ .8 There is a signiÐcant improvement in residuals for all three detector conÐgurations if the orbital position angle and separation uncertainties are required to be below 1¡ and 2.5 Tables 2 and 4 , open diamonds are MAMA low magniÐcation measures appearing in Table 3 . The plus symbol marks the origin. Line segments connect each observation to the ephemeris position on the orbit. (a) StF 3062 AB \ WDS 00062]5826. The orbit plotted is that of Baize (1957) and is listed as Grade 1 in the orbit catalog of Worley & Heintz (1983) Siegrist (1952) and listed as Grade 2 in the orbit catalog of Worley & Heintz. mas respectively (i.e., only the highest quality orbits are considered). The values shown in Table 7 may be compared to those obtained by the CHARA group during their long speckle program at the Kitt Peak 4 m telescope during the 1980s and early 1990s, which are given in Hartkopf et al. (1989) All objects in the measurement precision study had measured separations of less than
In order to make certain 0A .5. that our data contain no noticeable systematic errors at larger separations, we have compared our results on objects with separations between and to the body of obser-0A .8 2A .0 vational data that currently exists for these objects. While these objects usually do not have the same high precision orbits as for the objects discussed above, it is still possible to look for a discrepancy in the position angle and separation values presented here compared to other observers. Four examples of this kind of study are shown in Figure 4 . In all cases, the data presented here appear to be in good agreement with previous speckle observations by other groups.
Another issue of importance is detectability of companions. Figure 5 shows plots of both successful and failed measures of systems observed at WIYN during 1997 in the three observing conÐgurations. The MAMA 2.5] and CCD conÐgurations appear to have some similar characteristics, with good astrometric solutions being obtained for objects at least to magnitude 8.5 and for magnitude di †er-ences up to at least 3.2. The CCD is apparently able to detect and measure fainter companions, however. The lowmagniÐcation MAMA data show a detection limit that is 0.5È1.0 brighter than the other two conÐgurations, and an inability to detect the larger magnitude di †erence objects. This is expected due to the generally poorer seeing that forces the use of this observing conÐguration. Figure 6 shows reconstructed images of two high magnitude di †erence objects detected and measured by the CCD. The second of these plots, Bu 730, is the largest magnitude di †erence for which good relative astrometry has been derived at WIYN up to the present time. The WDS Catalog lists the magnitude di †erence as 5.3 mag.
CONCLUSIONS
A program of speckle observations has been started at the WIYN 3.5 m telescope, with the goal of obtaining orbital data of the some 6000 new or newly suspected double stars in the Hipparcos Catalog. This study has focused mainly on well-known binaries in order to determine the astrometric precision of data obtained at WIYN. Two hundred seventy-seven position angle and separation measures have been presented, a subset of which has been used to determine measurement precision. In the two primary observing modes, namely the CCD with the low magniÐcation lens and the MAMA with the 2.5] lens, measurement precision is better than 3.5 mas in separation when our measures are compared with extremely highquality orbit ephemeris predictions and or better in 1¡ .2 position angle.
It is a pleasure to thank David Sawyer at Kitt Peak for logistics help in using the telescope, Pat Patterson for help navigating the MAMA detector through US Customs in Tucson, and David Vaughnn for providing WIYN data necessary for our slit mask calibrations. We also thank . Extra contours at 0.005 and 0.008 of the maximum have been added for this image since the secondary star is very faint. In both cases, the secondary is to the right and above the primary. These images are the two-subplane images used to determine the quadrant of the secondary (as discussed in°3.2) and are not "" optimized ÏÏ for presentation here.
Wendy Hughes, Craig Mackey, Gillian Rosenstein, and Bob Bode at Kitt Peak for their assistance in making these observations a success, and Brian Mason, for thoroughly reviewing the manuscript for errors. E. H. is grateful to William Hartkopf for providing up-to-date orbits for Bu 101 and Bu 151, to Constantine Deliyannis for helpful discussions regarding HR 7061, and to Imants Platais, for guidance on the M39 cluster binaries. This work was funded through NSF support of Yale astrometry projects, NSF/IUCRC and NYCAT support of the sensor research e †ort at RIT, and a grant from the Fund for Astrophysical Research.
